ABSTRACT The spatial distribution of the waterscorpion Ranatra nigra Herrich-Schaeffer (Hemiptera: Nepidae) in the Mobile/Tensaw Delta, Mobile, Alabama, was examined. Twenty-seven sites were sampled once in the fall (10 Ð16 October 2001) and again the following spring (22 May-5 June 2001). A principal component analysis in combination with logistic (presence/absence) and stepwise (abundance) regression was used to associate the distribution of R. nigra with select abiotic variables (pH, conductivity, temperature, oxygen, stream width, GPS coordinates). Both the occurrence (presence/absence) and abundance of R. nigra were signiÞcantly (P Ͻ 0.001) associated with GPS coordinates, i.e., it was most common closer to the Mobile Bay than further into the Delta. In addition, R. nigra was more likely to occur in smaller, cooler streams, with lower oxygen and pH levels and higher conductivity. The prevalence (percentage of infected host) and abundance (number of mites/infected host) of the parasitic mite Hydrachna magniscutata (sensu latu) Marshall on R. nigra were also examined. The proportion of R. nigra with mites was highest in the fall and lowest in the spring (P Ͻ 0.001), but the number of mites per host did not change (P Ͼ 0.05) with time.
A LONG HELD VIEW by community ecologists is that an understanding of the processes responsible for structuring communities might be gleaned from the distribution and abundance patterns of species in those communities (e.g., Tokeshi 1990 , Begon et al. 1996 . Therefore, establishing empirical associations between insects and habitat parameters has been a preoccupation of many insect ecologists, although these investigations in aquatic ecosystems have often been limited by the lack of species-level descriptions (e.g., McCafferty et al. 1990 , Wiggins 1990 ). Waterscorpions (Hemiptera: Nepidae), however, are a taxonomically well-known group of North American aquatic insects at the species level (Sites and Polhemus 1994) . Given their taxonomic status and ubiquitous nature, waterscorpions are an ideal choice to examine the predictability of aquatic species distributions over a spatially heterogeneous landscape.
Nepidae is a cosmopolitan family with 200 described species (Menke 1979) . In North America, there are 13 species in three genera: Nepa (1), Curicta (2), and Ranatra (10) (Sites and Polhemus 1994) . Waterscorpions are poor swimmers and prefer lentic habitats or backwater lotic areas with little current. Within the water column, nepids cling to plants or debris in an inverted position and wait for prey to come within striking distance of their raptorial front legs (Radinovsky 1964 , Menke 1979 . They are polyphagous and are known to consume carp eggs, tadpoles, small Þsh, mosquito larvae, Daphnia, water striders, and backswimmers (Rao 1976 , Menke 1979 , Blois and Cloarec 1983 , Packauskas and McPherson 1986 , Sites and Polhemus 1994 . Ranatra overwinter as adults (Hilsenhoff 1984) . Typically, members of the genus are bivoltine, with their greatest abundance in the late summer and early fall (Hilsenhoff 1984) . After mating in the spring, female Ranatra insert their eggs in slits they cut into ßoating vegetation (Menke 1979) . Development time under laboratory conditions is Ϸ50 d from egg to adult (Packauskas and McPherson 1986) .
True water mites (Hydrachnida) have been ignored in most aquatic studies, even though they are known to parasitize a variety of aquatic insects, including waterscorpions (Smith et al. 2001) . This is unfortunate, as these mites are a diverse and ubiquitous group that may reach densities up to 2,000 individuals and 75 species/m 2 of littoral lake substrate (Smith et al. 2001) . Aquatic mites have a complex life cycle with six distinct stages: 1) egg; 2) larva; 3) protonymph; 4) deutonymph; 5) tritonymph; and 6) adult. The preparasitic larval mite has Ϸ4 d to 6 wk (depending on species) to Þnd and attach to an insect host. Once attached, larval engorgement may take several days; other species that are associated with longer lived hosts, such as Coleoptera and Hemiptera, may have a prolonged parasitic stage. After engorgement, the larval mite will detach from the host and attach to detritus or plant material for their (postlarval) protonymph development. Insect hosts thus provide both nutrients and dispersal mechanisms to larval mites (Smith 1988 , Smith et al. 2001 .
The purpose of this study is to examine the spatial distribution of the waterscorpion, Ranatra nigra Herrich-Schaeffer, in the lower Mobile/Tensaw Delta to determine whether this distribution is predictable on the basis of select habitat parameters. In addition, the seasonal distribution of the parasitic mite Hydrachna magniscutata (sensu latu) Marshall associated with R. nigra is also examined. This is the Þrst attempt at examining the spatial distribution of waterscorpions in a large coastal river system, and it is the Þrst detailed insect study of the Mobile/Tensaw Delta, a bottomland-hardwood forest and cypress-gum swamp that drains into Mobile Bay, Alabama.
Materials and Methods
Study Area. The Mobile/Tensaw Delta, Alabama, is a 120,000-ha aquatic and wetland habitat, comprised mostly of permanently and temporarily ßooded bottomland hardwood forests and cypress (Taxodium)-gum (Nyssa) swamps. The Delta starts where the Alabama and Tombigbee Rivers converge, becoming the Mobile River (N 31Њ08Ј, W 87Њ57Ј). The total length from the convergence of the Alabama and Tombigbee Rivers to where it drains into the saltwater Mobile Bay is 55 km, with an average drop in elevation of 0.05 m/km (Kidd and Wilson 1971) . The Delta is not a delta in the strictest sense, but rather a drowned alluvial plain and valley (Smith 1997) . The study area includes all of the waters in the lower half of the Delta from N 30Њ45Ј to 30Њ55Ј and from W 87Њ53Ј to 88Њ02Ј.
Sampling of R. nigra. Twenty-seven sites in the Delta were selected, ranging from large rivers (450 m wide) to small bayous (10 m wide); all sites were accessible only by boat (Fig. 1 ). Sites were sampled once in the fall (10 Ð16 October 2000) and again the following spring (22 May-5 June 2001). Three sampling stations at each site were randomly chosen. Bank-side vegetation was sampled at each station with two types of nets for 5 min each. Thus, total sampling time per site was 30 min. The Þrst net, with a 500-m mesh, measured 41 cm (length) ϫ 30 cm (width) ϫ 27 cm (depth of net) and was used for sampling in the heavy aquatic vegetation. The second net was a standard D-net (Merritt et al. 1996) . Stream measurements were taken before sampling to ensure that subsequent sampling did not alter the readings. Water parameters measured were dissolved oxygen, pH, conductivity, and temperature; width was taken from the Delorme 3-D Topo Quad software for the state of Alabama. IdentiÞcations of adult waterscorpions were conducted using keys by Sites and Polhemus (1994) . Nymphs associated with adult R. nigra were also assumed to be R. nigra. This is a reasonable inference, as over 95% of all adult nepids collected in the Delta were R. nigra (Ihle 2002) . Voucher specimens were placed in the University of South Alabama Arthropod Depository (Mobile, AL), and in the Enns Entomology Museum at the University of Missouri (Columbia, MO).
Temporal Distribution of Mites. Prevalence (percentage of infected R. nigra) and abundance (number of mites/infected host) of H. magniscutata were examined to determine whether either varied with season. At each of four sites selected for study, the dominant aquatic vegetation was sampled for R. nigra Smith Bayou, and 25 min at Big Briar Creek and Little Briar Creek. Live Ranatra hosts were transported to the laboratory on ice and preserved in 80% ethanol; adults were identiÞed to species and the number of mites on each specimen (nymphs and adults) was counted. As above, it was assumed nymphs associated with adult R. nigra were also this species.
Statistical Analysis. Because habitat variables in streams are typically correlated (e.g., Ciborowski and Adler 1990, McCreadie and Adler 1998) , a principal component analysis (PCA) was used to collapse these variables into a smaller number of statistically independent principal components (PCs). The use of PCA can also allow broader ecological interpretations of habitat variables (e.g., Adler 1998, Hamada et al. 2002) . PCs with eigenvalues Ͼ1.0 (Norü sis 1985) replaced the original stream variables in all further analysis. Stream variables not normally distributed were subjected to appropriate transformations (e.g., root, inverse negative) before entering into the PCA. Interpretation of each PC was based on correlations (P Ͻ 0.01) between the PC and the original stream variables (Ludwig and Reynolds 1988) .
The Þrst response (dependent) variable considered was the occurrence of R. nigra at each site. Because this is a binary variable, in which 1 ϭ the presence of R. nigra in a sample and 0 ϭ absence in a sample, forward logistic multiple regression was used to estimate the probability of R. nigra being present at a site, given the measured stream conditions. Under the logistic function, the probability that a species is present at the i th site is estimated using predictor variables, now expressed as PCs. SigniÞcance (at P Ͻ 0.05) of each predictor was entered into a model that was assessed using maximum likelihood estimation (Hosmer and Lemeshaw 1989). Season (0 ϭ spring, 1 ϭ fall) was used as a dummy variable.
Concordance was used to assess the Þt of the logistic regression model to observed data. Concordance was calculated by Þrst pairing all stream sites with different observed outcomes (i.e., R. nigra present or absent). This total number of pairs was designated N. The number of pairs in which the site harboring R. nigra was also the site with the higher predicted probability of R. nigra presence (via regression) was designated n. Concordance is then calculated as (n/N) ϫ 100 (SAS Institute 1987). In essence, concordance is a measure of how often our model is correct.
The second response (dependent) variable considered was the abundance of R. nigra at each site. A stepwise (ordinary least squares) multiple regression routine was used to relate abundance to PCs and second order terms of these PCs. Season was also used as a dummy variable. The Þt of observed data to the regression model was assessed by examining residuals for lack of Þt and CookÕs distances for observations with undue inßuence (Burn and Ryan 1983, Neter et al. 1990 ).
Samples of R. nigra that were taken over the course of a year to determine mite infestation were pooled by calendar season, i.e., spring (21 March-20 June), summer (21 June-20 September), and fall (21 September-20 December). The 2 analysis and a Tukey-type multiple comparison for proportions (Zar 1996) were used to determine whether the proportion of infected waterscorpions (prevalence) with mites was independent of season (spring, summer, fall). Only one adult R. nigra and no nymphs were taken in the winter collections; hence, this season was excluded. For those specimens with one or more mites, an analysis of variance (ANOVA) was used to determine whether mite abundance differed among seasons. R. nigra collected in the spatial aspect of this study (n ϭ 27 sites) were also examined for differences in mite prevalence ( 2 ) and abundance (t test) between seasons (fall, spring). Figure 1 shows the location of all sampling sites within the Delta. In addition to R. nigra, Ranatra kirkaldyi Torre Bueno, Ranatra australis Hungerford, and Ranatra buenoi Hungerford were occasionally collected, although these latter species were not considered in analyses.
Results

Distribution of R. nigra.
The PC and correlation analyses are presented in Table 1 . The interpretation of the PCs is as follows. As PC1 increases, streams become warmer and larger, with higher oxygen and pH levels and lower conductivity. An increase in PC2 indicates streams that are relatively larger and cooler with increases in pH, oxygen, and conductivity. Finally, an increase in PC3 indicates stream sites found further from the Mobile Bay. PC1 explains 36.9% of the total variation in the original data set, PC2 explains an additional 24.5% of the total variation, while PC3 captures another 16.7% of the variation. Combined, all three PCs explain a total of 78.1% of the variation in the original data set of habitat parameters. Sixty-two percent of the 53 collections conducted contained R. nigra. Logistic regression (equation 1 shows that R. nigra is more likely to occur in smaller, cooler streams, with lower oxygen and pH levels and higher conductivity (PC1) and at sites that are closer to Mobile Bay (PC3). The regression was highly signiÞcant (G ϭ 15.56, df ϭ 2, P Ͻ 0.001) and concordance was 80.8%, indicating the model was a good Þt to the observed data.
Sites in which R. nigra was found showed a relatively restricted distribution in ordinational space (Fig. 2) . The number of R. nigra at each collection varied from 0 to 30. Stepwise regression (equation 2) indicated this species tends to be most abundant closer to the Mobile Bay (PC3) and decreased in numbers further into the delta. This regression was highly signiÞcant (F ϭ 7.48; df ϭ 1, 26; P Ͻ 0.001), although predictive ability was low (R 2 ϭ 20.0%). Regression diagnostics indicate that the model is a good Þt to the data, i.e., no lack of Þt or observations with undue inßuence.
Temporal Distribution of Mites. Both adult and immature waterscorpions were found infected with mites. The 2 analysis (Table 2) showed that the highest proportion of infected waterscorpions was found in the fall and the lowest incidence occurred in the spring ( 2 ϭ 24.71, P Ͻ 0.001). 2 analysis compiled from the spatial data set (Table 2) indicated that there was a greater proportion of infected waterscorpions in the fall than the spring ( 2 ϭ 18.75, P Ͻ 0.001). The analysis of the abundance of mites on waterscorpions over three seasons (Table 3 ) revealed no signiÞcant difference (F ϭ 0.04, P ϭ 0.956, df ϭ 2, 70) in abundance of mites on infected waterscorpions among season. A t test conducted on the spatial data for the fall (2000) and spring (2001) also indicated no signiÞcant difference (t ϭ 0.49, P ϭ 0.63, df ϭ 21) in mite abundance between these two sets of samples (Table 3) . Accordingly, the proportion of infected hosts with mites varied with season; however, the mean number of mites on each infected host remained constant over time.
Discussion
This study of waterscorpion distribution is the Þrst detailed spatial distributional study of an insect in the Mobile/Tensaw Delta. Large rivers, like many channels of the Mobile/Tensaw Delta, with its associated sloughs, backwater areas, and forested ßoodplains, have been especially problematic to study. Hence, few studies on running water systems have been devoted to large river habitats (Hynes 1989) . It is only recently that studies are starting to focus on these large river ecosystems (Benke 2001 , Dettmers et al. 2001 , Lewis et al. 2001 . Examination of these areas have been slow because of the difÞculty of working in these habitats (Johnson et al. 1995) . Most aquatic insect studies in lotic habitats have been conducted in the faster ßow- Closed and open circles indicate sites in which R. nigra was and was not found, respectively. ing streams of the higher elevations, with relatively little work in the slower moving rivers and streams close to the coasts (Smith 1988, Batzer and Wissinger 1996) . Near the coast, many freshwater systems are unique in that they share characteristics of lentic and lotic habitats. For example, many channels in the Delta show lentic characteristics, such as very slow moving water with quiet littoral margins.
Given both the large number of sites examined and the length of time over which samples were collected, results of our study produced a reasonably accurate inventory of the species of waterscorpions found in the Delta. In addition to R. nigra, both R. buenoi and R. australis were collected in low numbers, despite the fact that these species are common in the Southeast (Sites and Polhemus 1994). These latter species may be more common in habitats different from the slow ßowing rivers and bayous of the Delta. The collection of four R. kirkaldyi from a single site (Little Byrnes Lake) is a southern range extension for this species (Sites and Polhemus 1994).
Regression analyses indicated that neither abundance nor occurrence varied between fall or spring. During our winter collections at Maple Bayou, Smith Bayou, Big Briar Creek, and Little Briar Creek (Fig. 1) , only a single adult R. nigra and no nymphs were found. Given that Ranatra overwinters as adults (Hilsenhoff 1984) , the paucity of insects at these sites during the winter suggests R. nigra selects a different type of habitat in which to overwinter. In Wisconsin, Rantra usually breeds in lentic sites, but will overwinter in streams (Hilsenhoff 1984) .
Typically, Rantra has two generations per year, with overwintering adults breeding early in the spring (Hilsenhoff 1984) . Given that adult waterscorpions from the spring generation breed upon reaching maturity (Packauskas and McPherson 1986 ) and the mild climate of coastal Alabama, it is highly likely that there are three broods per year of R. nigra in the Delta. This is also supported by the occurrence of Rantra nymphs in the Delta from 15 May to 15 October (Ihle 2002) . Using either preliminary data from Ihle (2002) , which suggested a development time of 37 d for R. nigra, or a more conservative estimate of 47 d for Ranatra fusca Palisot de Beauvois (Packauskas and McPherson 1986) , there is sufÞcient time for R. nigra to have three broods per year in the Delta. Ranatra montezuma Polhemus, a species only found in a travertine spring in Arizona (Montezuma Well), is the only Ranatra known to be trivoltine (Runck and Blinn 1990) .
Previous references to the habitats of Ranatra have been general, and certainly no attempt has been made to model their distribution over many sites. For example, the preferred habitat of Ranatra is described as still water sites with tangled plant growth, debris, or the submerged sections of overhanging vegetation (Menke 1979, Sites and Polhemus 1994) . With rare exceptions (e.g., Runck and Blinn 1990) , these generalized descriptions are typical for site conditions under which Ranatra has been found. At a larger scale, i.e., among habitats, Rao (1976) noted that Rantra filiformis Fabricius was restricted to permanent ponds and Ranatra elongata Fabricius to temporary ponds. In contrast, R. nigra will inhabit both permanent and temporary bodies of water (Consoulin 1975) . At a continental scale, elevations above 1000 m might play a role in excluding Ranatra from the American Great Basin (Bennett 1987) . The current study is the Þrst attempt to model waterscorpion distribution in relation to habitat parameters in a large river system. Both the occurrence and abundance of R. nigra were found to be predictable on the basis of site characters. Abundance was related only to distance from the Mobile Bay. The amount of variation in abundance explained by geographic position was low (20%), suggesting that factors other than position are driving changes in abundance.
In contrast to abundance, we could correctly predict whether R. nigra was present or absent at a site, based only on stream conditions (PC1) and location (PC3) Ϸ81% of the time. PC1 and PC3 are statistically independent of each other (i.e., the correlation between them is 0). Thus, the signiÞcant association of R. nigra to PC1 is not caused by any north-south gradient changes in stream chemistry, nor is the signiÞcant association with PC3 caused by covarying changes between location and recorded water column conditions. Although R. nigra was most frequently found at sites closer to the bay, these sites were not necessarily smaller, cooler streams, with lower oxygen and pH levels and higher conductivity. Furthermore, some of the smaller streams that harbored R. nigra were removed from the bay.
Because water mites are difÞcult to identify, they have largely been ignored in studies of aquatic insects (Smith and Oliver 1986, Smith et al. 2001) . Hence, reports of mites attacking waterscorpion are rare, although such associations are no doubt commonly observed by aquatic entomologists. For example, caste exuviae of nepids with attached larval and protonyphal Hydrachna are common (Smith et al. 2001) , indicating that immature waterscorpions are frequently parasitized. In the current study, we found that both immature and adult R. nigra were attacked by mites. In addition, it was also shown that the proportion of parasitized insects was higher in the fall than in the summer, with the lowest incidence during the spring. Smith et al. (2001) found that 20 Ð50% of aquatic adult insects are parasitized by the larval mites, which is similar to the seasonal variation of 15Ð 65% that we found on R. nigra hosts.
Typically, the distribution of the parasitic larval mites is clustered within a population, i.e., a few individuals are heavily infested and the bulk of the host population carrying few to no mites (Smith and McIver 1984) . Thus, cases of over 1000 mites on a dragonßy (Libelluidae) and over 350 mites on a water strider (Gerridae) have been recorded. In contrast to these reports, the number of mites on R. nigra was low, with an average of 2Ð3 mites on parasitized hosts and a maximum of 18 mites recorded on a single host on only one occasion. In addition, mite abundance on infected R. nigra did not vary among season. Parasitic mites can interfere with ßight, reduce hostÕs fecundity, or, as a result of an intense grooming effect on the part of the host to dislodge mites, increase the hostÕs visibility to predators (Smith et al. 2001) . Given the low number of mites found in our study, it seems doubtful any of these effects would occur in R. nigra.
Although the distribution of parasitic mites is typically clustered within a population, there could be strong evolutionary pressures for maintaining the low and constant numbers of mites seen on waterscorpion hosts. For example, as the number of Hydrachna virella Lanciani mites increased on backswimmers (Buenoa scimitra Bare), their size decreased (Lanciani 1984) . Presumably, this could reduce mite Þtness either through delayed maturation or lowered fecundity. Reilly and McCarthy (1991) noted that the size of two Hydrachna spp. mites on the water boatman Sigara distincta (Fieb.) decreased with increased mite densities of either species. In other words, both species were subject to both intraspeciÞc and interspeciÞc competition. Thus, as mite density increases on a host, Þtness would decrease. Such selection pressure could be responsible for maintaining the low number of mites that we observed on water R. nigra.
